The catalytic power of ketosteroid isomerase investigated by computer simulation.
Ketosteroid isomerase (KSI) catalyzes the isomerization of Delta(5)-3-ketosteroids and Delta(4)-3-ketosteroids at very high rates. Here we examine the principles underlying the catalytic efficiency of KSI by computer simulations using the empirical valence bond method in combination with molecular dynamics free energy perturbation simulations. The simulations reproduce available kinetic and structural data very well and allow us to examine several features of the catalytic mechanism in detail. It is found that about 60% of the rate enhancement is due to stabilization of the negatively charged dienolate intermediate by hydrogen bonding. The critical H-bond between Tyr16 and the intermediate is found to be a normal ionic H-bond with the preferred proton location on the tyrosine residue. The remaining 40% of the catalytic effect originates from a reduction of the reorganization energy of the reaction. The possibility of an active site water molecule occupying the empty cavity adjacent to the catalytic base (Asp40) is also addressed. The existence of such a water molecule could explain how the enzyme manages to maintain a low pK(a) for the general base residue.